Background. Vulnerable species experiencing inbreeding depression are prone to localised extinctions because of their reduced fitness. For Tasmanian devils, the rapid spread of devil facial tumour disease (DFTD) has led to population declines and fragmentation across the species' range. Here we show that one of the few remaining DFTD-free populations of Tasmanian devils is experiencing inbreeding depression. Moreover, this population has experienced a significant reduction in reproductive success over recent years.
21 Methods. We used 32 microsatellite loci to examine changes in genetic diversity and inbreeding 22 in the wild population at Woolnorth, alongside field data on breeding success from females to 23 test for inbreeding depression.
24 Results. We found that maternal internal relatedness has a negative impact on litter sizes. The 25 results of this study imply that this population has entered an extinction vortex and that to 26 protect the population, genetic rescue may be required. This study provides conservation 27 managers with useful information for managing wild devils and provides support for the "Wild 28 Devil Recovery Program" which is currently augmenting small, isolated populations.
29 Introduction 30 For threatened species, a reduction in reproductive success can severely impact population 31 persistence. The Tasmanian devil, Sarcophilus harrisii, is one such species that has a decline of 32 up to 80% in areas infected by an infectious clonal cancer, devil facial tumour disease (DFTD) 33 (Loh et al. 2006; Pye et al. 2016; Lazenby et al. 2018) . As the apex carnivore in Tasmania, devil 34 population declines are causing trophic cascades in the Tasmanian ecosystem (Hollings et al. 35 2014) and recent modelling has indicated that these populations will begin to succumb to small 36 population genetic pressures (Grueber et al. 2018 ). Declining populations are at risk of reduced 37 gene flow and loss of genetic diversity (relative to larger, more connected populations) as an 38 outcome of genetic drift and inbreeding (Charlesworth & Willis 2009 Here we aimed to test whether the observed decline in wild devil reproductive fitness 53 (specifically litter sizes) is a result of inbreeding depression. Inbreeding depression occurs when 54 an accumulation of deleterious recessive alleles lowers individual heterozygosity, negatively Here we use multilocus heterozygosity to investigate inbreeding and inbreeding 67 depression at the DFTD-free population of devils at Woolnorth. We aimed to test: 1) whether 68 inbreeding is occurring in the devil population at Woolnorth, and 2) whether inbreeding is 69 associated with the observed reduction in reproduction (specifically litter sizes). The results of 70 this study will inform the ongoing management of fragmented devil populations in the face of 71 DFTD. Reproductive output for females was taken as the 162 Woolnorth (g 2 analysis) indicates that we have the molecular tools available to test for 163 inbreeding depression; it will be informative to determine whether this is also true for other sites. 164 The results can be used to predict the outcomes of the STDP management strategy of 165 augmenting small wild populations to promote gene flow (Grueber et al. 2018; Fox & Seddon 166 2019).
Conclusions
168 In conclusion, we have presented the first documented evidence of inbreeding depression in a 169 wild population of Tasmanian devils. Whether inbreeding is the driver of the observed 170 reproductive decline at Woolnorth, or the reproductive decline is driving the increase in 171 inbreeding cannot be determined. Nevertheless, our data do show that inbreeding is detrimental 172 in this population, and that it is poised to become more prevalent: this population appears to be 173 at the cusp of the extinction vortex. Augmenting this population with genetic material from other 174 locations across Tasmania may alleviate the effects of inbreeding and minimise inbreeding 175 depression. Marginal effect of IR based on the model shown in Table 2 . The bold solid line is the fitted effect of IR on litter size at the mean of age and year in the wild population. Note that year has a strong effect on litter size, so the vertical positioning (intercept) of this line will vary for other years from the trend shown (later years having a lower intercept than earlier years; Table 2 ). The fine solid lines indicating the 95% CIs; raw data are overlaid.
